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Claims 



1. A type of ultrathin plate multi-stage cascade connection 
multiplex mode filter characterized by the following facts: by 
means of piezoelectric blank, an ultrathin oscillation portion 
and a thick ring-shaped peripheral portion for supporting the 
aforementioned oscillation portion are integrated to each other; 
multi-stage cascade connected multiplex mode filter elements, 
each of which has divided electrodes separated from each other by 
a prescribed gap, are arranged on the surface of the 
aforementioned oscillation portion; in this ultrathin plate 
multi-stage cascade connection multiplex mode filter, the divided 
electrode shape of at least one of the aforementioned multi-stage 
cascade connected multiplex mode filter elements is different 
from that of the others. 

2. The ultrathin plate multi-stage cascade connection 
multiplex mode filter described in Claim l characterized by the 
fact that together with the aforementioned divided electrode 
shape, the direction and shape of the electrode lead portion 
extending from the two electrodes of the aforementioned divided 
electrode to the end portion of the blank are also different from 
those of the other [multiplex mode filter element] . 

3. The ultrathin plate multi-stage cascade connection 
multiplex mode filter described in Claim i or 2 characterized by 
the fact that the aforementioned divided electrodes in multiple 
groups are cascade connected and are arranged on the surface of a 
single ultrathin oscillation portion. 
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Detailed explanation of the invention 
[0001] 

Industrial application field 

This invention pertains to the configuration of the 
ultrathin plate multi-stage cascade connection multiplex mode 
filter. 

[0002] 

Prior art 

In the conventional scheme shown in Figures 5 (a) and (b) , 
by means of, say, etching, a recessed portion is formed on one 
surface of a piezoelectric blank, such as an AT-cut quartz blank 
(1) . Its bottom surface is used as a ultrathin plate oscillation 
portion (2), and a thick ring-shaped peripheral portion (3) that 
supports the periphery of said oscillation portion (2) is formed 
integrated with said oscillation portion (2), so as to form a 
ultrathin plate quartz oscillator with the mechanical strength of 
said oscillation portion (2) maintained. In this ultrathin plate 
quartz oscillator, an electroconductive film is coated on the 
depressed side to form a total-surface electrode (4) . On the 
opposite flat surface, at nearly the center of said oscillation 
portion (2), a group of divided electrodes (5) and electrode lead 
portions (6), (6), which extend from the two electrodes to the 
end portions of the blank, are arranged. For the multi-stage 



cascade connected filter having ultrathin plate multiplex mode 
filter elements, which have the same central frequency, terminal 
impedance and pass bandwidth, connected as multiple stages to 
each other, the attenuation of the attenuation band near the pass 
band is high, and the skirt characteristics also are excellent. 
Due to the excellent filter characteristics, [the filter] can be 
used in the mobile communication, etc., which have high 
requirement on high-frequency performance and miniaturization. 
However, in the ultrathin plate multi-stage cascade connection 
multiplex mode filter with the aforementioned configuration, 
spurious [radiation] is generated on the higher-frequency side of 
the filter pass band of each filter element. As the filter is 
made of multiplex mode filter elements of the same 
[characteristics], the skirt characteristics become steep, while 
suppression of the spurious [radiation] level is insufficient. 
Consequently, for the filter which requires high attenuation on 
the two sides of the pass band of digital mobile communication, 
etc. , the attenuation becomes insufficient due to the spurious 
[radiation] on the higher- frequency side. 

[0003] 

Purpose of the invention 

This invention provides a type of ultrathin plate 
multi-stage cascade connection multiplex mode filter 
characterized by the fact that it can get rid of the disadvantage 
of the aforementioned conventional ultrathin plate multi-stage 
cascade connection multiplex mode filter, as it can well suppress 



the spurious [radiation] by adopting a combination of ultrathin 
plate multiplex mode filter elements. 
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[0004] 

Abstract of the invention 

In order to realize the aforementioned purpose, this 
invention provides a type of ultrathin plate multi-stage cascade 
connection multiplex mode filter characterized by the following 
facts: by means of a combination of ultrathin plate multiplex 
mode filter elements, spurious [radiation] can be well 
suppressed; the divided electrode shape of at least one element 
of the multiplex mode filter elements connected in cascade is 
designed differently from that of the other [element], and, 
together with the aforementioned divided electrode shape, the 
direction and shape of the electrode lead portion extending from 
the two electrodes of the aforementioned divided electrode to the 
end portion of the blank are also different from those of the 
other [multiplex mode filter element] . 

[0005] 

Application examples 

In the following, this invention will be explained in more 
detail with reference to application examples illustrated by 
figures. Before explanation of the application examples, first 
of all, let's look at the configuration and characteristics of 



the filter made of two ultrathin plate multiplex (double) mode 
filter elements illustrated by Figure 5. As shown in Figure 
5(a), in the conventional scheme, the filter elements used have 
identical electrode configuration. Consequently, as shown in 
Figure 5(c), the filter elements connected in cascade to each 
other have totally identical spurious characteristics. As a 
result, as shown in Figure 5(d), the spurious characteristics 
take place at the same position as that in the case of one filter 
element, and cannot be suppressed. The same disadvantage as 
explained in the above t^fSSes place. 

[0006] 



The ultrathin plate multi-stage cascade connection multiplex 
mode filter of this invention designed for solving the problem 
has the following configuration. Figure 1(a) and (b) are a plane 
view and an A-A cross-sectional view of an application example of 
the ultrathin plate multi-stage cascade connection multiplex mode 
filter of this invention, respectively. Divided electrodes (5) 
and (5') formed on ultrathin plate oscillation portion (2) have 
different shapes. That is, as shown in Figure 1(c), with respect 
to the dimensions H and L of the divided electrodes, the ratio 
H/L values are different from these two divided electrodes. As 
can be seen clearly from Figure 2(a) and (b) , the attenuation 
characteristics of these multiplex mode filter elements are 
different from each other as depending on the shape of the 
divided electrode and the spurious [radiation] generating 
position. Consequently, when the two filter elements are 
connected in cascade to each other, the [spurious radiations] 



cancel each other and the spurious level can be lowered as shown 
in Figure 5(c). As a matter of fact, as the terminal impedances 
of the multiplex mode filter elements are in agreement to each 
other, the ratio of H/L is changed for different elements while 
the area of the divided electrode that determines the 
aforementioned value [of the terminal impedance] is maintained 
constant. However, it is well known that when the ratio of H/L 
alone is changed, the coupling degree of oscillation among the 
divided eiectrodes varies, and t^he bandw idth varies r 

Consequently, inter-electrode gap G is selected to be an 
appropriate gap, and the multiplex mode filter elements with the 
same pass bandwidth are connected in cascade. 

[0007] 

Figure 3 is a plane view illustrating the second application 
example of the ultrathin plate multi-stage cascade connection 
multiplex mode filter of this invention. In this application 
example, divided electrodes (5) and (5') are different from each 
other with respect to the directions and extension shapes of 
electrode lead portions (6), (6), and (7), (7) extending from the 
two electrodes of divided electrodes (5) and (5') toward the end 
portions of the blank. That is, after electrode lead portions 
(6) and (6) are extended in the oscillation transportation 
direction, they are bent by 90» and ....[illegible].... blank (1) 
...[illegible]... extended in the oblique direction of about ... 
[illegible] 5«. As the spurious [radiation]s generated in between 
electrode lead portions (6), (7) and total-surface electrode (4) 
are different from each other and depend on the directions and 



shapes of electrode lead portions (6), (7), when the two filter 
elements are connected in cascade, the spurious [radiation] s 
cancel each other, and the spurious level is lowered. However, 
as the frequency is increased, the demand on miniaturization 
becomes higher. As a means to meet this demand, a scheme of 
multi-stage multiplex mode filter in which multiple groups 
divided electrodes are cascade connected on the surface of a 
oscillation portion of an ultrathin plate has been proposed in 
the past. 

[0008] 



Figure 4 is a plane view illustrating another application 
example of the ultrathin plate multi-stage cascade connection 
multiplex mode filter in this invention, on a single ultrathin 
plate oscillation portion (2) , multiple groups of divided 
electrodes (5), (5') with different shapes are arranged, and, at 
the same time, the directions and shapes of electrode lead 
portions (8) , (9) extending from one side of the two electrodes 
are different from each other. The same effect can be displayed 
by this configuration. In the aforementioned application 
examples of this invention, AT-cut quartz blank was used as the 
ultrathin plate multi-stage cascade connection multiplex (double) 
mode filter. However, this invention is not limited to the 
quartz blank. Other types of piezoelectric blanks may also be 
used as well. Or, it is possible to increase the number of the 
divided electrodes to triple or more multiplex mode filter. 
Also, for the practical application, the H/L ratio is in the 
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range of 1-3, and the difference among the elements can be 
selected appropriately. 

[0009] 

Effects of the invention 

With the aforementioned configuration of this invention, by 
simply changing the shape of the divided electrode or by changing 
the direction and shape of the electrode lead portion from the 
two electrodes of the divided electrode toward the end portions 
of the respective blanks, it is possible to suppress the spurious 
[radiation] and thus to play a significant effect in realizing 
the ultrathin plate multi-stage cascade connection multiplex mode 
filter. 

[0010] 

Brief explanation of the ficrures 

Figure 1: (a), (b) and (c) are plane view, A-A 
cross-sectional view, and partially enlarged view of the divided 
electrode, respectively, of an application example of the 
ultrathin plate multi-stage cascade connection multiplex mode 
filter of this invention. 

Figure 2: (a), (b) and (c) are schematic diagrams 
illustrating the basic spurious characteristics of the multiplex 
mode filter elements of the filter and the multi-stage cascade 
connected filter in this invention. 
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Figure 3: It is a plane view illustrating the second 
application example of the ultrathin plate multi-stage cascade 
connection multiplex mode filter of this invention. 

Figure 4: It is a plane view of an application example of 
the ultrathin plate multi-stage cascade connection multiplex mode 
filter formed by cascade connecting multiple groups of divided 
electrodes on the oscillation portion of an ultrathin plate. 

Figure 5: (a) is a plane view illustrating the configuration 
of a conventional ultrathin plate multi-stage cascade connection 
multiplex mode filter. (b) is an A-A cross-sectional view of the 
aforementioned configuration. (c) and (d) are schematic diagrams 
illustrating the basic spurious characteristics of a single 
multiplex mode filter element and the basic spurious 
characteristics of the configuration made of multi-stage cascade 
connected elements, respectively. 

Symbols 

1. AT-cut quartz blank 

2. Oscillation portion 

3. Ring-shaped peripheral portion 

4. Total-surface electrode 

5. 5'. divided electrode 

Sf 1, Q, 9. Electrode lead portion 
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